Weight loss appears to be particularly difficult to achieve in patients with type 2 diabetes compared to their non-diabetic counterparts [1] .
Against this background, we sought to determine whether type 2 diabetes, independent of obesity status, affected the prandial regulation of PYY and ghrelin in a manner that would explain both the predisposition to increased energy intake and weight gain, and the difficulties in achieving weight loss seen in type 2 diabetes.
The study was approved by the local ethics committee and subjects, who were volunteers, gave written informed consent.
We studied 11 subjects with diet-controlled type 2 diabetes and 16 control subjects of similar age, sex and BMI. All subjects with diabetes were free from complications and had an HbA 1c <10%. Urea, electrolytes, full blood count, thyroid function and resting electrocardiogram were normal in all subjects. Antihypertensive, lipid-lowering and aspirin treatment were not considered exclusion criteria unless they included beta-adrenoreceptor antagonists.
Subjects attended at 08.30 h, having fasted from 22.00 h the previous evening and refrained from alcohol or strenuous physical activity for at least 24 h and cigarettes for at least 12 h. Anthropometric variables were measured and body fat percentage estimated using whole-body bioelectrical impedance analysis (Tanita Systems, Stokie, IL, USA). Studies were conducted at an ambient temperature of 22±1°C.
Following baseline blood samples, subjects consumed a standard mixed meal of 600 kcal (63.9% carbohydrate, 13.0% protein, 23.1% fat) over 20 min. Blood was collected at 15, 30, 60, 120, 180, 240, 300 and 360 min after the meal. Samples were centrifuged, frozen immediately and stored at −80°C until assayed. Plasma PYY-like immunoreactivity (specifically PYY and PYY with no cross-reactivity with other peptides) was measured using an established radioimmunoassay [2] . Ghrelin-like immunoreactivity was measured with a specific and sensitive radioimmunoassay [8] ; leptin, insulin and glucose were assayed using commercially available assays.
Resting metabolic rate and postprandial thermogenesis were measured by indirect calorimetry (Deltatrac Metabolic Monitor; Datex-Ohmeda, Helsinki, Finland).
Statistical analysis was performed using StatsDirect statistical software version 1.9.7 (StatsDirect, Sale, Cheshire, UK; http://www.statsdirect.com).
The clinical characteristics were similar in diabetic and non-diabetic subjects (Table 1) . Fasting PYY concentrations were 43.5% greater in diabetic subjects than in their non-diabetic counterparts (mean [95% CI]: 19.8 [17.5- in diabetic subjects (Fig. 1b) . In diabetic subjects PYY concentrations did not rise significantly after eating, although they increased by 63.6% in the control group (Fig. 1c) . Fasting values in diabetic subjects and peak values in control subjects were similar to those seen at peak in lean subjects (unpublished data). Plasma ghrelin fell postprandially to a comparable degree in both groups (23% type 2 diabetes vs 19% controls, p=NS) (Fig. 1d) .
We found that subjects with type 2 diabetes had higher fasting plasma concentrations of PYY than non-diabetic control persons of similar age, weight and sex. Moreover, PYY concentrations did not rise in response to food intake in type 2 diabetic patients, while fasting and prandial regulation of ghrelin, leptin and energy expenditure were unaffected by type 2 diabetes in patients with good glycaemic control.
The close similarities in age, sex, body weight and body fat between diabetic and control groups allowed us to distinguish between the effects of obesity and those of type 2 diabetes. We studied patients with type 2 diabetes of short duration (median duration 3 years), whose diabetes was well controlled by diet (mean HbA 1c 7.0%), and who were free from macrovascular and microvascular complications (only four subjects on antihypertensive medication). This allowed the effects of type 2 diabetes to be studied in isolation from the effects of its treatment or vascular complications.
In obesity, in the presence of insulin resistance and a higher fasting glucose concentration than in lean subjects, PYY concentrations are lower than in lean subjects and increase in response to feeding (unpublished observations by the authors; Batterham et al. [3] ). Therefore, the changes seen in diabetes cannot be attributed to the obese state, hyperglycaemia or insulin resistance.
Since the initial increase in PYY concentrations postprandially is neurally mediated, the possible presence of subclinical gut neuropathy in diabetic patients provides a potential explanation for the absence of a rise in PYY concentrations immediately after food intake. The response of GLP-1, another L-cell product, is also decreased postprandially [9, 10] . Elevated fasting concentrations of PYY may be due to increased secretion, increased release or decreased clearance. Both PYY and GLP-1 are degraded by dipeptidyl peptidase IV, the activity of which may be altered in type 2 diabetes [11, 12] . However, contrary to our finding of markedly elevated PYY concentrations, GLP-1 concentrations are either decreased or normal in the fasted state in type 2 diabetes [9, 10] . Altered activity of dipeptidyl peptidase IV is therefore an unlikely explanation for our results. Similarly, the potential for altered availability of nutrients to L-cells in type 2 diabetes might be expected to affect the secretion of PYY and GLP-1, but would be expected to affect them in the same manner. Thus neither of these possibilities provides a clear explanation for our results in the fasted state.
The question of how these perturbations in the regulation of PYY concentrations in patients with type 2 diabetes could be linked to the tendency to weight gain observed in other studies remains as yet unanswered. Further research is crucial to elucidate (1) the mechanisms underlying the regulation of plasma PYY concentrations, (2) how these differ from those regulating GLP-1 concentrations, and (3) to explain the differences seen in type 2 diabetes.
